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The impact of root-knot nematodes (Meloidogyne
spp.) on crops and the relationship between nematode
and host differ bet\veen species. Thus, accurate identifi-
cation is important but the use of morphological tech-
niques is very difficult, even for weil qualified taxono-
mists (Eisenback, 1985; Hirschmann, 1985; Hussey,
1990). Isozyme electrophoresis using nonspecific este-
rase patterns can distinguish between different species
(Hussey el al., 1972; Dalmasso & Bergé, 1978, 1983;
Janati el al., 1982; Fargette, 1987a; Nobbs el al., 1992)
and has been reported ta be a reliable diagnostic charac-
ter for species identification (Esbenshade & Trianta-
phyllou, 1990). Detection of esterase activity using elec-
trophoresis techniques involves obtaining females either
by using chemical "macerating" enzymes (Hussey,
1971) or root dissection Qones, 1980); both approaches
require considerable time to obtain sufficient material.
Dissection of the giant cell complex is difficult at the
early stage of infection and more difficult later when
lateral roots emerge and adult female nematodes rupture
easily Qones, 1980).
Ishibashi (1970) and Bergé and Dalmasso (1975) re-
ported that esterase patterns of Meloidogyne females dis-
sected from galled roots varied when nematodes were
cultured on different hosts. By contras t, Dickson el al.
(1971), Hussey el al. (1972), Fargette (1987b) and Pais
and Abrantes (1989), working with different popula-
tions of the same species, failed ta show host-induced
differences in esterase patterns.
The objective of this study was to determine if galled
roots can be used as the basis of a rapid technique to
detect esterase activity of female Meloidogyne, thus
avoiding the need to separate females from the roots.
Using this method, the consistency of patterns from M.
javanica, M. incognita and M. arenaria on three different
hosts was also examined.
Materials and methods
NE1\.1ATODE CULTURES AND ENZYME EXTRACTION
Populations of M. javanica Race 1 (North Carolina
State University Acc. No. 83), M. incognita (from Por-
tugal), M. arenaria Race 1 (NCSU Acc. No. 351), M.
hapla (from Zimbabwe) and M. enterolobii (from Dr. M.
Fargette, ORSTOM, France) were cultured on tomato,
Lycopersicon esculentum (cv. Pixie), and M. graminicola
(from Dr. R. A. Plowright, International Institute of
Parasitalogy, St. Albans, UK) was cultured on upland
rice (cv. IR-36); pot cultures were maintained in a glass-
house (25-27 oC; average relative humidity 80 %; day
length of 16 h). For experiments using different hosts,
M. javanica, M. incognita and M. arenaria were cultured
on tomato, tobacco (Nicoliana wbacum cv. Whitebur-
ley) and aubergine (Solanum melongena cv. BlackbelJ).
Control extractions were done on uninfected roots from
each host plant.
For tests on females, root galls were rinsed with glass
distilled water (GDW) and females were dissected from
root tissue and placed in an ice bath. Twenty females of
each species were transferred into a centrifuge tube; a
40 f..l.1 solution of extraction buffer, containing 20 % gly-
ce1'01, 2 % Triton X-I00 and 0.01 g bromphenol blue
as marker dye, was added to the tube. The nematodes
were homogenized in the extraction tube with a small
plastic pesùe and centrifuged at 10 000 rpm for 10 min
at 4 oc. The c1arified supernatant was introduced im-
mediately into the electrophoresis cell. The nematodes
remained in an ice bath throughout this procedure.
For tests on infected roots, areas of galled roots con-
taining females were cut, washed with GDW, and a
weighed amount (300 mg wet weight) was placed in a
microcentrifuge tube and either used irnmediately for
analysis or stored at - 20 oc. Surface water was carefully
removed with paper tissue. Carborundum powder was
added and roots were homogenised in 40 f..l.l of extraction
buffer using a glass rod. The homogenate was centri-
fuged at 14 000 l'pm for 10 min at 4°C. The cieal' super-
natant was used for esterase determinations as above.
Uninfected roots were processed in exacùy the same
manner.
ELECTROPHORESlS AND ESTERASE VISUALISATION
The esterase isoenzymes present in the nematode and
galled root sampies were determined by native polyacry-
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lamide gel electrophoresis in either a mini-slab gel ap-
paratus (Atto,Japan) using gel size 90 mm W, 80 mm L
x 1 mm thick or a standard gel apparatus (Atto, Japan)
using gel size 138 nunW, 130 mmL x 1 mm thick. Gels
were replicated at least three times. A 3 % acrylamide
stacking gel and 7 % acrylamide separation gel were
used. Samples of 20-25 f.L! were injected into the electro-
phoresis cell. The buffer system was essentially that of
Laemmli (1970), except that Triton X-I00 was sub-
stituted for dodecyl sulfate (SDS). A constant current of
15 mA was applied until the marker dye reached the
stacking gel when the current was increased to 20 mA.
When the marker dye reached the bottom of the separat-
ing gel, the power was turned off and the gel removed.
Esterase activity was determined by incubating the
gels at 37 oC for 15-30 min in a freshly prepared solu-
tion of 100 mg Fast Blue RR Salt, 50 fLg 0:, l3-napthyl
acetate and 50 fLg o:-napthyl butyrate dissolved in 5 ml
acetone made up ta 100 ml with 0.2 M tris-chloride
buffer, pH 6.6. The reaction was stopped by adding
10 % acetic acid. Relative electrophoretic mobility (Rm)
for each enzyme band was calculated as the ratio of its
movement to that of the marker dye.
Results
Six different patterns of nonspecific 0: and 13 este-
rase (Dalmasso & Bergé, 1978), detected either from
females or galled root extracts on polyacrylamide siab
gel electrophoresis, were consistent and highly repro-
ducible for each Meloidogyne species tested (Fig. 1A).
M. javanica had three strong bands located at Rm 0.35,
0042 and 0047 and rwo very weak bands at Rm 0.39 and
0049, while M. incognita had one strong band and one
weak band at Rm 0.38 and 0040, respectively; the band
at Rm 0.62 was not consistently visible. M. arenaria
exhibited rwo strong bands at Rm 0042 and 0045 and rwo
faint bands at Rm 0.35 and 0040. M. hapla had a strong
and a weak band at Rm 0.39 and 0040, respectively, and
M. enterolobii gave four bands at Rm 0.23, 0.29, 0.32
and 0.38. Only one diffused band at Rm 0.20 was de-
tected from female ex tracts of M. graminicola. Roots
infected with M. graminicola showed five extra bands,
rwo strong bands at Rm 0.52 and 0.75 and three weak
bands at Rm 0.56, 0.58 and 0.72. Ali esterase bands,
even the weak ones, detected from the female extracts
were clearly observed in infected root extracts (Fig. lA).
There were rwo extra bands (at Rm 0.23 and 0.65)
detected from infected tomato roots which were not
detected in the control (Fig. lA).
The Rm values for isoenzyme patterns of female ex-
tracts of M. javanica, M. incognita and M. arenaria dis-
sected from three different hosts (tomato, tabacco and
aubergine) were identical for each species (Fig. 1B) and
consistent irrespective of whether dissected females or
homogenized galled root pieces were used (Fig. 1C).
Uninfected plant roots exhibited very weak bands; for
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example, tomato had one weak band at Rm 0.71 and a
diffuse band at Rm 0.12, while tobacco and aubergine
each gave rwo weak bands but at different positions:
Rm 0.19 and 0.67; Rm 0.50 and 0.73, respectively.
Discussion
This work shows that galled root pieces can be used as
the basis of a rapid method ta characterise and identify
the main species of Meloidogyne using polyacrylamide
gel electrophoresis to detect nonspecific esterase pheno-
types. The use of galled roots saves considerable time as
females do not have to be dissected from the roots; the
method also avoids protein contamination and enzyme
degradation which may be associated with other proto-
cols (Dickson el al., 1971; Jones, 1980). Esterase pheno-
types of M. javanica, M. incognita and M. arenaria re-
mained constant irrespective of whether they were
cultured on tomato, tobacco or aubergine or whether
isolated females or galled roots were used.
Comparison of the results of this study with previous
reports shows sorne differences in certain Rm values and
in the total number of bands that were resolved. Such
variations could be the result of different techniques
and/or laboratory conditions (Esbenshade & Trianta-
phyllou, 1985). In addition, many of the published re-
ports did not include plates of the original gels so com-
parison of band resolution is not possible; procedures
utilized in this study produced very consistent and sharp
bands.
Novel esterase bands were found in extracts from
infected plant roots. These bands were associated with
the plant response to nematode invasion and could not
be detected either in healthy root tissue or in extracts
from dissected females. Although there is no informa-
tion about esterase activity in root tissues, increase in the
enzymatic activity of infected roots has been reported by
Veech and Endo (1969) and Ibrahim (1991). Ad-
ditional studies are required to define the role of these
bands in the plant response to nematade invasion.
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The meaning of a range of nemarological terms per-
taining ro traditional taxonomie characters has been de-
fined by Caveness (1964). However an examination of
the literature shows sorne ambiguity with regard to the
terminology in nemarode ecology to describe numbers
of nematodes found in a population. Clear definitions of
words such as abundance, incidence, intensity., density
and prevalence are required to clear the confusion
caused by sorne authors who consider many of the
words interchangeable. A committee set up by the Can-
adian Society of Zoologists made recommendations
(Margolis el al.> 1982) which were subsequently used by
parasitologists when defining terms " used and abused
by parasitological ecologists" submitting papers for
publication (Margolis el al., 1982).
Since there are many similarities berween animal and
plant parasitology and many research workers study
nematodes which are common to both disciplines it
seems sensible to have similar definitions for words used
by nematologists and parasitologists. The following def-
initions are closely based on those by Durfee (1978),
Margolis et al.> (1982), Whitaker el al.> (1973) but
slightly altered to refer to soil inhabiting and plant nema-
todes rather than those found in an animal host.
Algebraic notations are as follows : T = total number
of samples, U = the weight or volume of the sample, i =
the number of specimens, j = number of samples, T, =
the number of samples where i is present.
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PTevalence (Normally expressed as a percentage):
Number of samples having a particular nematode spe-
cies, symptom of damage or disease/number of samples
examined (incidence is often confused with this term)
x 100. Has been called absolute frequency or constancy
(P, = T,IT x 100).
Incidence (Normally expressed as a percentage):
Number of samples containing a particular nematode
species, symptom of damage or disease at a given time/
number of samples containing the same species, symp-
tom or disease at a previous time/date x 100. Incidence
T, at time lIT, at rime 2 x 100.
InLensiLy (Usually given in a numerical range) : The
number of individuals of a particular nematode species
in each infected host plant or sample positive for that
species (1,).
Mean inLensiLy : The number of individuals of a par-
ticular species in a number of positive plant or soil sam-
pies/the number of positive sampies (MI, =2, I,/T;).
DensiLy : Number of individuais of a particular nema-
tode species per unit of volume or weight, of infected
host tissue or soil (the units could be grams of roots/
tissues, leaf area, weight or volumes of soil, etc.) (D, =
l,/U).
Relative abundance or densiLy : Total number of indi-
viduals of a particular species in a number of samples/
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